Several authors have recently suggested that x-ray lasers pumped by electron-ion recombination are feasible if cold electrons can be produced from the interaction of a high-intensity laser pulse with a gas sample [1] . Burnett and Corkum [2] used a model based on tunneling ionization and the resulting drift energy to predict that relatively cold electrons can be produced from such an interaction. Initial experimental tests of this prediction produced conflicting results. Corkum, Burnett, and Brunel [3] concluded that electron energies are reasonably well predicted by the tunneling model, while Mohideen et al. [4] concluded that the tunneling model significantly underestimates average electron energies.
Both of these experiments were performed at low gas density ((10"/cm3). Recombination lasers, however, require relatively high gas density (&10's/cm3) which may result in additional heating mechanisms [5] . Experiments performed at high density [6, 7] have generally utilized longer laser pulses than optimal for transient recombination lasers. For example, the measurements of Offenberger et al. [6] were performed using 12 ps pulses; inverse bremsstrahlung (IB) dominated the electron heating and thermal conduction significantly modified the measured temperatures. While the fits to theory on the short wavelength side of the peaks in Fig. 2 are good, we note an asymmetry in the electron features and poor fits on the long wavelength side. We believe that this asyounetry is due to the presence of near-threshold stimulated Raman scattering (SRS). We find that we are able to significantly modify and/or enhance this long wavelength electron feature (in comparison to the short wavelength feature) by collecting light from different spatial regions of the plasma.
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The spatial dependence of this enhancement, along with the observation that the magnitude of the enhancement decreases with laser intensity, suggests that it is due to SRS. SRS has been observed to have strong spatial and laser-intensity dependencies [10] . The observed invariance of measured temperatures to a 50% reduction in the pump laser intensity also suggest that ponderomotive heating of electrons [5] (which scales linearly with the laser intensity) is unimportant.
Heating via ponderomotive expulsion of electrons is minimized in high-density plasmas due to the presence of large space charge fields that inhibit charge separation so that electrons do not move through spatial gradients of the focused laser spot [5] .
The central feature at 400 nm in the spectra shown in Fig. 2 is the ion feature associated with electron density fiuctuations caused by ions [11] . The spectral width of a short-pulse laser is large in comparison with the inherent width of this feature so that we are insensitive to the spectral form of the ion feature and instead sample its integrated power due note that the intensity of the central ion feature was not a sensitive function of the spatial plasma region viewed or the presence or absence of an enhanced SRS component in the electron feature. These observations, along with the absence of a significant variation in the relative ion feature intensity with a 50% reduction in laser intensity, also suggest that stimulated Brillouin scattering did not significantly affect the ion feature.
The measured electron temperature as a function of gas density is also shown in Fig. 3 . Both electron and ion temperatures were determined by finding best theoretical fits to several experimental spectra at each gas pressure and then taking the average of these fits. Error bars were determined by the range of temperatures that could reasonably fit the data. The electron temperatures are 40 eV (3 Torr), 50 eV (10 Torr), 40 eV (25 Torr), 38 eV (50 Torr), and 36 eV (75 Torr). The nominal 10 eV variation of the 10 Torr data from all other data is within the error of our measurement (typically 20%). Within this error, we find that the electron temperature does not change over a 3 -75 Torr pressure range.
As stated above, we calculate (using Ref. [13] that IB heating is unimportant for our experiments (&2 eV heating at 50 Torr). Ionization heating is computed using the quasistatic model of Corkum [3] . The probability of tunneling ionization is determined for each oscillation cycle of the laser pulse using the ionization rates of Ammosov [14] . The distribution of residual electron energies is given by the classical equations of motion for an electron in a laser field and equivalent temperatures are defined as two-thirds the predicted average energy.
The predicted temperature for a 125 fs pulse at 800 nm focused to 2 X 10'~W /cm is 40 eV, in good agreement with our measured temperatures.
In contrast to our results, the measurements of Mohideen [4] Theoretical Thomson scattering spectra from these two electron distributions were summed; the resulting spectrum (at 50 Torr) indicates distinct peaks due to a 140 eV distribution (at 413 and 387 nm) which are a factor of 2 lower than the peaks due to a 37 eV distribution (at 411 and 389 nm). The peak due to the 140 eV distribution would be observable (on the short wavelength side of the ion feature), but it is not present in the data.
While the origin of the discrepancy between our work and Ref. [4] is unknown, we note that time-resolved continuum slope measurements performed in our laboratory [15] support our conclusion that the electron temperature in He2+ is accurately predicted by the quasistatic model [3] .
These continuum slope measurements were performed using 160 fs, 616 nm laser pulses focused to an intensity of 2 x 10'6 W/cm . Using this technique, we measured a temperature of 22~4 eV compared to the tunneling model prediction of 21 eV for these laser parameters.
The magnitude of the ion temperatures, and their dependence on gas density, is consistent with a model of direct heating of ions by the laser pulse. Low ion kinetic energy leads to high (ion-ion) collisionality, so that ion-ion collisions dominate electron-ion collisions. We calculate ion heating as the product of the ion ponderomotive energy and the ion-ion collision frequency using the Spitzer [16] ion-ion collision frequency at an effective energy which is the sum of the ion thermal and ponderomotive energies. Ion heating saturates because the energy dependence of the collision frequency leads to a decrease in the heating rate for higher energy ions; predicted heating is therefore not strictly linear in gas density. The predicted ion temperatures are within the error of the measured data shown in Fig. 3 . Our ion heating calculation is essentially an (ion-ion) inverse bremsstrahlung calculation; however, we note that in the dipole approximation inverse bremsstrahlung heating cannot result from collisions between particles with the same charge to mass ratio [17] . The agreement between our ion heating calculation and measured ion temperatures may be related to the presence of local electric field nonuniformities associated with space charge. The mechanism for ion heating requires further study.
In conclusion, we have used Thomson scattering to measure electron and ion temperatures in He plasmas produced by high intensity optical ionization. The measured ion temperatures increased with gas density and are consistent with calculations of direct heating by ion-ion collisions in the laser field. The measured electron temperatures did not vary significantly over a pressure range from 3 to 75 Torr; this result is consistent with our expectation that we are operating in a parameter space where electron temperatures are primarily determined by the optical ionization process. Contrary to the conclusions reached in Ref. [4] , we find that the electron temperature is in good agreement with temperature predictions based on the tunneling ionization model. Our measurements suggest that electron energies can be accurately predicted by high field ionization theories and used to model potential recombination-pumped x-ray laser systems.
